for all other pressure data. The fetal head and neck were replaced and a left thoracotomy in the fourth intercostal space was performed.
The pericardium was opened widely and bipolar pacing wires were sutured to the left atria1 appendage.
After placing a left atria1 catheter through a purse-string suture, the cardiac apex was lifted and two 3.5-mm piezoelectric crystals were placed opposing one another on the endocardial surface of the left ventricle through small stab incisions midway between the base and the apex of the left ventricle.
Gentle traction to hold the crystals against the endocardial surface was maintained until hemostasis occurred.
In order to obtain high-fidelity left ventricular pressure, a micromanometer pressure transducer (PI. Z-Konigsberg) was inserted into the apex of the left ventricle through a separate stab incision and secured with a purse-string suture. This pressure transducer was calibrated with left atria1 and aortic pressure. The pericardium was left open and the wires and tubes passed through the fetal skin, uterus, and ewe's flank and coiled in a cloth pouch sewn to the mother's left flank. Postoperatively, ewes were housed in separate stalls and fed water, pellets, and alfalfa. Intramuscular injections of penicillin and streptomycin were administered daily for 10 days following surgery, Every other postoperative day each ani ma1 was brought to the laboratory and oriented to the are a and personnel.
Catheters were flushed and the fetal hematocrit was checked ; if the value was < 30 %, the fetus was transfused with maternal blood to maintain a value above 30 %.
Fetuses were studied after a full Z-wk recovery period. Steady-state data were chosen for analysis at the end of each of the paced heart rates, and sufficient recovery time was allowed after each pacing period for heart rate and blood pressure to return to control levels. In order to evaluate changes in inotropic state induced by changes in contraction frequency, beats with similar R-R intervals (Fig. 6) were analyzed immediately prior to and after pacing that were matched with regard to systemic arterial pressure, left ventricular enddiastolic pressure, and left ventricular end-diastolic diameter (Fig. 2) . The first or second beats after pacing were analyzed prior to any expected decline in a frequencyinduced enhancement of contractility. Paired-t tests were used for statistical comparisons.
RESULTS
Isolated cardiac muscle. In all of the muscles isolated from both fetal and adult hearts, increasing the frequency of contraction over the range 12-90/min considerably augmented isometric tension development. Tension was increased in each of these muscles by relatively greater augmentation of the rate of tension development than the reduction of the time-to-peak tension (Fig. 3 )* Paired electrical stimulation resulted in a striking increase in active tension development in each muscle studied. At L max active tension in the fetus (0.92 & 0.1 (SE) g/mm2) was significantly reduced when compared to the adult (1.4 & 0.2 g/mm*) (a < 0.001) (Fig. 4) . Moreover, paired stimulation -produced -a lesser increase in tension development in' the fetus (89 %) when compared to the adult (108%) (P < 0.001) (Fig. 4) pacing, there were no significant changes observed either in the directly measured velocity of shortening, dD/dt, or in the calculated rate of mean circumferential fiber shortening, VCF. In contrast, dP/dt increased significantly and progressively up to a heart rate of 270/min and returned to near basal values at 300 beats/min.
An evaluation of the control and test beats that were chosen for analysis is shown in Fig. 6 . No differences exited in left ventricular peak systolic or end-diastolic pressures or in left ventricular end-diastolic diameter. The slightly longer R-R intervals in test beats following pacing at 180, 2 10, and 240 beats/min would be expected to reduce the magnitude of the velocity parameters employed to determine the degree of postpacing potentiation.
In comparing control beats and the first or second beats immediately postpacing, there is a striking and step-wise increase in both dD/dt and mean VCF (Fig. 7) . Thus, at a heart rate of 300/ min, dD/dt increased 47 %, and mean VCF increased 39 %. Blocking doses of propranolol (1 mg/kg) did not attenuate these indices of the contractile response to increased heart rate. The analysis in Fig. 6 at basal heart rate (150 =t 15 beats/min) and at each of indicated paced heart rates, Asterisk denotes statistically significant differences from basal values (P < 0.05).
DISCUSSION
The current investigation was designed to assess the ability of the fetal heart to exhibit poststimulation potentiation and to evaluate the influence of heart rate on fetal left ventricular performance .  Standard  isolated  muscle  techniques were employed to analyze the former question while the latter issue was examined in the chronically instrumented fetus, since it is now quite clear the direct measurements of fetal myocardial performance derived from exteriorized animal experiments may be misleading (8, 10, 17) .
The presence of a positive inotropic effect with increasing frequency of contraction and paired electrical stimulation has been documented amply on isolated cardiac tissue preparations (2, 11, 18, 23 R-R intervals which are matched with regard to systolic pressure and end-diastolic dimensions and pressures (Fig.  6 ). Since the test beats are the first or second postpacing, they occur prior to any expected decline in a frequencyinduced enhancement of contractility. Under these matched loading conditions, an increase in a velocity parameter (Fig. 7) or an increase in the extent of shortening (Fig. 6 heart rate and at indicated paced heart rates. In 2nd and 4th panels percentage increase from control is shown.
At and beyond a paced heart rate of 180 + 5 beats/min, velocity parameters were significantly increased over basal values.
may be explained by age-related differences in excitationcontraction coupling remains conjectural. It is important to appreciate some of the difficulties that arise in assessing a change in contractility at high contraction frequencies in the chronically instrumented animal. As heart rate was increased by pacing, there was a marked reduction in resting fiber length, as indicated by the fall in left ventricular end-diastolic diameter. One would anticipate that this change in length would produce a decrease in the velocity of shortening (3, 16, 18, 22) 
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